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Explorer 33 magmet ic EisZd ubservat ions have been 
analyzed to  study the propagation of sudden impulses in 
the geomagnetic ta i l ,  and the magnetssheath. Average 
speed of propagation in these regions is 760 km per sec 
w i t h  a range of 550 %o 1230 la per sec, Most of the si's 
have propagation s p e d  which is close to that of the 
shock wave observed in th is  region. Positive s i  is shown 
to have a positive change i n  the t a i l  or magnetosheath 
and a negative si has a similar negative change. Nine 
out of thirteen correlated si's have their origin i n  the 
solar wind continuities, w h i l e  four si 's  have possible 
origin in the perturbations of t a i l  or magnetosheath.field. 
It is found that  the si. propagation is not confined to the 
t a i l  region but it has correkated effects in  the magneto- 
sheath also, The opagation .region studied is in 2000 
t o  0200 local t i m e  sector,  
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Sudden impulsive changes ,in t h e  geomagnetic f i e l d  
i n t e n s i t y  have been s tudied on t h e  surfpce of the e a r t h  
and i n  t h e  magnetosphere (Nishidtr and Jacobs,  1962: 
Matsushita,  1962; Nishida and CahiZl, 1964; Pa te l ,  1968; 
Ondoh, 19701, Xt is now w e l l  e s tab l i shed  that  the sudden 
h p u I s e  (si) observed in the su r face  geomagnetic f i e l d  
is cor re l a t ed  t o  similar changes i n  the inner  magneto- 
sphere as w e l l  as  far out i n  t h e  magnetospheric t a i l .  
An si is defined as a sudden p o s i t i v e  and negative change 
i n  t h e  geomagnetic f i e l d  which is not  associated wi th  a 
geomagnetic storm or high a c t i v i t y  dis turbance.  I n  con- 
t ras t ,  t h e  sudden s t o m  commencement (SSC) is a p o s i t i v e  
change i n  the f i e l d  which is preceded by a storm. The s i  
is c a l l e d  p o s i t i v e  or negat ive depending on increase or 
decrease i n  t h e  ho r i zon ta l  component i n  a mid-lati tude 
or  an equa to r i a l  magnetogram. The high l a t i t u d e  magneto- 
grams show complicated changes i n  a11 three components 
of the geomagnetic f ie ld .  
W e  also know t h a t  the large and w e l l  defined si has 
its o r i g i n  i n  the sudden changes i n  the s o l a r  wind para- 
meters, i.e., d e n s i t y  and velocity and t h e  in t e rp l ane ta ry  
magnetic f i e l d  (Gosling, e t  al,, 1967; Burlaga and Ogilvie ,  
1969))- Wowever, it is sti l l  not clear t h a t  a l l  of the 
in t e rp l ane ta ry  sudden changes which are responsible  for 
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t h e  s i  can be in t e rp re t ed  as shock waves, The present  
s t a t u s  of the s i  phenomenon is that  the d i s c o n t i n u i t i e s  
or sudden changes i n  the solar wind d e n s i t y  and v e l o c i t y  
and t h e  magnetic f i e l d  cause the magnetopause movement. 
The r e s u l t i n g  change i n  the magnetic f i e l d  is  t rans-  
m i t t e d  through the magnetosphere down t o  the surface.  
T h i s  s i  pe r tu rba t ion  then propagates i n t o  the  geomagnetic 
t a i l  (Dessler, l964) ,  Propagation s t u d i e s  of t he  si i n  
the t a i l  show that  changes on t h e  sureace and i n  t h e  geo- 
magnetic t a i l  are c o r r e l a t e d  ou t  t o  25  earth rad i i  
(Patel, 1968). It was a l s o  shown t h a t  the changes i n  
the t a i l  w e r e  found which had e f f e c t s  on the su r face  f i e ld  
after 5 t o  LO minutes time delay,  W e  have extended the 
study of s i  i n  t h e  t a i l  and magnetosheath out  t o  62 e a r t h  
r a d i i  by using Explorer 33 magnetic f i e l d  observat ions,  
More accura te  propagation speeds have beeh ca lcu la ted  
and c o r r e l a t e d  magnetic f i e l d  variations are discussed 
for  these events ,  
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ANALYSIS 
The magnetometer experiment aboard Explorer 33 satel l i te  
provides accura te  measurements (maximum error - 0.5 gamma) of 
the vec tor  magnetic fieILd out to 80 earth rad i i ,  The d a t a  
-I- 
presented i n  t h i s  paper axe 82-second sequence averages 
and a l s o  20-second averages.  Hn order t o  c a k u l a t e  t he  
propagation speed of t h e  si,  5 second averages of magnetic 
f i e l d  data w e r e  used, Data in solar ecliptic coordinate ,  
F, er  l8 for 1-112 hours before and af ter  the s i  onset time 
w e r e  examined i n  making s e l e c t i o n  of sa te l l i t e  data for 
each event,  For d e t a i l e d  s tudy  of the v a r i a t i o n s  i n  the 
t a i l  and magnetosheath f i e l d  during s i  events ,  data in the 
solar-magnetospheric coordinates  X:,Y,Z w e r e  also used. 
Detai ls  on the flux-gate magnetometer instrumentation,.  
data reduct ion and coordinate  systems are described by 
Behannon (1968). 
Selec t ion  of the s i  events  included i n  t h i s  study w a s  
carried out  as follows: W e  started w i t h  t h e  list of si 
compiled i n  Solar Geophysical Data and selected s i  events  
w h i c h  have clear effects at more than t e n  magnetic observa- 
tories. The period covered is J u l y  t o  Decemiber, 1966. From 
past experience of si analysis ,  we f ind that  s i  occurring 
a t  few observa tor ies  does not  'show cleaa: world-wide  
effect and may or may not 'have the correlated effect i n  
the magnetosphere or i n  the t a i l .  We have, t he re fo re ,  
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selected only well-defined s i ’s  occurring a t  ten or more 
observa tor ies ,  Explorer 33 magnetic records were also 
examined for si-like changes and compared t o  ground magneto- 
grams. Some sa te l l i t e  observat ions showed correlated 
changes a t  one or two observa tor ies  as we had found i n  
I&@-1 s tudy  ( B a t e l ,  2968) and are not  included i n  t h i s  
study. Fourteen s i  events  which w e r e  examined i n  rapid- 
run magnetograms from seven ground observatories (see 
Figs,  L t o  4) had corresponding Explores 33 magnetic f i e l d  
observations a v a i l a b l e  i n  t h e  t a i l  os magnetosheath region. 
Only one s i  ( O c t ,  1 7 )  d i d  not  show any effect i n  the 
s a t e l l i t e  observations.  The sa t e l l i t e  was  far out a t  
solar magnetospheric pos i t i on  X = -54, Y = 33 and 2 = 30.6 
earth r ad i i  (Re) and it is possible t h a t  s i  effect w a s  
not  propagated i n  that  region, The other thirteen events  
showed correlated effects far out t o  62 earth sadi i .  In 
Table 1, w e  g ive  details about each event:  onset  t i m e  on 
the e a r t h ,  de l ay  t ime for the effect  cbserved a t  t h e  
p o s i t i o n  of Explorer 33  i n  t h e  solar-magnetospheric co- 
ordina tes ,  etc, The onset t i m e s  given i n  t h e  Table w e r e  
determined by using rapid-run magnetograms from t h e  ob& 
s e r v a t o r i e s  shown i n  Figs ,  1 t o  4. An accuracy of 30 
seconds is obtained but the o p e t  t i m e s  are given t o  the 
nea res t  minute. The delay t i m e s  are obtained by tak ing  
a d i f f e rence  between onset t i m e  a t  s a t e l l i t e  and a t  the 
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surface of the earth.  The method followed in determining 
onset i n  the  s a t e l l i t e  data is described i n  the next 
section. I n  two events, because of local fluctuations 
near the s i ,  it was not possible t o  uniquely determine 
onset times. 
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The propagation of the si i n  the geomagnetic tail has 
been strmd ied by us dng IMP- 1. magnet ic E i e l d  observait ions 
(Patel, 1868). It was found t h a t  m o s t  of the si 's  origi-  
nate in the solar-wind and propagate into the  tail. 
H Q W ~ W ~ X = ,  a few of them showed a perturbation which occurred 
firs& in the tail and then arrived a t  the  earth, 3n the 
present  study w e  f i n d  that 4 events out of 13 c o r r e l a t e d  
si's are observed first i n  the tail or magnetosheath, Nine 
events register si s igna tures  first i n  the sur face  magneto- 
grams and then i n t o  t h e  t a i l  or magnetosheath near  the t a i l ,  
These si's have their  origin.  i n  the solar-wind discontinu- 
i t ies  (Gosling e t  al,, 1967; BurZacja and Ogilvie ,  1969). 
W e  also f i n d  i n  this study that t h e  s i  propagation from 
the sunward side is not confined tu t h e  t a i l .  The s i ' s  
are propagated i n t o  the magnetosheath and. their effects 
are detected within 0200 to 2000 local t i m e  s e c t o r ,  We 
d i scuss  t h e i r  propagation speed and correlated f i e l d  vari- 
a t i o n s  by i'b3--*~ltratZn~; E m  - -::zxpX:.r of the si'ss. D e t a i l s  
about all t h i r t e e n  correlated and one uncorrelated s i  ' s  
are given i n  Table I. 
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Onset t i m e s  of t h e  s i  on the earth and a t  the satel- 
l i t e  p o s i t i o n  i n  the t a i l  or magnetosheath have been de ter -  
mined, Because of t h e  a v a i l a b i l i t y  of l a r g e r  number of 
events i n  t h i s  study, t hese  r e s u l t s  are a d e f i n i t e  improve- 
ment over t h e  preliminary si  s tudy w i t h  IMP-I data which 
was c a r r i e d  out  using 5.46 min and 20 sec average. Ground- 
based rapid-run magnetograms at seven observa tor ies  a t  
var ious l a t i t u d e s  and longif=udes have been examined . Onset 
t i m e  is determined t o  an accuracy of 30 sec following the 
method described by Hishida and Jacobs (1962), but  have 
been l i s t e d  in Table Z t o  t h e  closest  minute. For each 
event,  sa te l l i t e  d a t a  containing 5 sec averages w e r e  p lo t t ed  
on an expanded scale i n  t h e  solar ecliptic coordinates  F, 
8 and $8 and also i n  the solar-magnetospheric components 
X, Y, and 2, (P lo t s  are not  shown i n  t h i s  paper because 
of l a r g e  q u a n t i t y  of d a t a ) ,  For events  where magnitude 
F showed clear change, the onse t  t i m e s  w e r e  determined 
by using t h i s  change, When the change in F is not  clear 
(as is t h e  case i n  some of the satellite observat ions 
i n  t h e  magnetosheath), the l a r g e s t  change i n  any com- 
ponent X, 31, or 2 was used i n  determination of onset  t i m e .  
Some events  i n  the t a i l  showed. very clear si assoc ia ted  
v a r i a t i o n s  for  positive and negative? si as shown i n  
Figs ,  1 and 3 .  However, local f l u c t u a t i o n s  near 
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t h e  s i  may introduce an error of about 20 to 30 sec i n  t h e  
satel l i te  onse t  time determinat ion and should be considered 
i n  t h a t  approximation. The error i n  onset  determination 
i n  t h e  s a t e l l i t e  d a t a  is of the same order  as i n  the ground 
rnagnetograms. 
Delay times for each even&, i ,e . ,  onset-time a t  t h e  
s a t e l l i t e  minus onset-time a t  t h e  e a r t h  are obtained from 
t h e  data and are shown i n  TabXe 1. The negat ive de lay  
times ind ica t e  t h a t  t h e  si change was seen first i n  the 
t a i l  o r  t h e  magnetosheath and the s i  effect was seen later 
on the e a r t h ,  There a r e  four such events  out  of the 13 
correLated si's. These four s i  events  which seem t o  have 
per turba t ions  o r ig ina t ed  i n  the tail w e r e  f u r t h e r  checked 
by using Explorer 28 (I -3)  data i n  the in t e rp l ane ta ry  
space, Explorer 28 was between the SUR and e a r t h  region 
during these four events; Ef there is no corresponding 
s i  s igna tu re  i n  Explorer 28 data, then it is poss ib l e  
t h a t  the s i  might have or ig ina ted  in the  tail region, 
Simultaneous observat ions of t h e  in t e rp l ane ta ry  magnetic 
f i e l d  during these four  events were examined by using 
5.6 minute averages for one hour period around t he  si 2 
t i m e .  Three events had no clear e f f e c t s  observed p r i o r  
t o  the onset  t h e  on the earth i nd ica t ing  t h a t  t h e  o r i g i n  
of these  si had no poss ib le  cause i n  the  solar wind between 
t h e  earth and t h e  sun. One s i  (110/12/66) has some 
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i nd ica t ion  t h a t  t h e  s i  might have o r i g i n  i n  t h e  solar wind 
d iscont inui ty .  W e  should poin t  out that the interplanetary 
data used w e r e  5.6 minute averages because smaller t i m e  
averages were not a v a i l a b l e  in t he  NASA Data Center:, A 
d e f i n i t e  conclusion regarding poss ib le  origin of the s i  i n  
t h e  tail or the space beyond one AU s t i l l  remains uncertain,  
More events  wi th  simultaneous observat ions a t  var ious loca- 
t i o n s  i n  space w i t h  better t i m e  r e s s l u t i o n  are needed. The 
events discussed in t h i s  s tudy wi th  negat ive t i m e  de lays  
and o ther  r e s u l t s  obtained i n  IMP-1 s tudy  (Pa te l ,  1968) only 
point  out  t h e  p o s s i b i l i t y  of the si type disturbances ori- 
gina t ing  i n  the t a i l ,  The movement of t a i l  o r  the in t e r -  
ac t ion  of the geomagnetic t a i l  w i t h  the  moon can generate  
t h e  hydromagnetic dis turbances which might: appear as si 
type d is turbances  on the surface of the. earth. 
M o s t  of the events ,  9 out of 13 have s i  r eg i s t e red  
first on the e a r t h  and then show t h e  e f f e c t  i n  the ta i l .  
The approximate speed of propagation of t h e  si is ca l cu la t ed  
by using d i s t ance  along X a x i s  and the  delay t i m e ,  The 
average speed is about: 760 lun per sec w i t h  an approximate 
range of 550 t o  1200 km per sec for  var ious events.  The 
values  for a11 events  a r e  given i n  Table I, For comparison, 
t h e  Alfven speed i n  t h e  tail region is -690 t o  2000 km per 
sec for B -10 y and n = 0-1 t o  ,Ol protons per  c m  , Far i n  . 
t h e  t a i l  or the magnetosheath near the t a i l ,  a Alfven speed 
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l a r g e r  than 1000 km per sec is possible, We note  t h a t  t h e  
previous estimate from IMP-1 s tudy  ranges from 870 t o  1300 
km per see (Patel, 1968) W e  note  t h a t ' t h e  sudden storm 
commencement (SSC) s t u d i e d  by Behannon (1968) on September 14, 
1966 a t  X = -73.8 Re in the tail had a speed of about 650 km 
per sec, while Sugiura e t  al,, (1968) es t imate  SSC speed 
at 500 km per sec from OGO 3 observat ions a t  X = -10.1 Re 
i n  t h e  t a i l .  They have noted t h a t  the Explorer 33 PlIIT 
plasma observations indicated a shock speed of 700 km per 
sec. Ondoh (1970) obtained propagation speeds which had a 
range of 677 t o  E160 k m  per sec, He used 0GO 3 and 5 
magnetic f i e l d  observat ions i n  the local t i m e  0800 - 2200 
hour region i n  the  magnetosphere a t  6.55 to 20 Re. 
ca lcu la t ions  shown i n  Table L i nd ica t e  that a11 s i ' s  with 
exception of t w o  events ,  have propagation speed which 
Our 
corresponds to the shock wave speed. There is no systematic 
d i f f e rence  i n  the propagation speeds i n  t h e  tail and the 
magnetosheath, or i n  t h e  negat ive or p o s i t i v e  si. 
B. Magnetic f i e l d  v a r i a t i o n s  of si 
F i r s t ,  we  d i scuss  f ie ld  varLation o l  t h e  p o s i t i v e  s i  
i n  t h e  t a i l  and the magnetosheath. I n  F i g .  1, a p o s i t i v e  si 
occurs a t  0003 UT on Sliuguxt L and is seen on seve ra l  ground 
magnetograms a t  l o w  latitude and a t  high l a t i t u d e s  such as- 
College and Wilkes, Explorer 33 data i n  s o l a r  ecliptic 
coordinates are plotted a t  20 second i n t e r v a l s .  The 
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sa t e l l i t e  posit ion a t  %his moment in solar-magnetospheric 
coordinate  is X = -48.5, Y = 0.1 and 2 = 9.8 i n  earth 
r a d i i ,  i n  t h e  t a i l ,  After  a de l ay  t i m e  of about 6.8 min, 
t h e  t a i l  f i e l d  begins to increase with no changes in the 
angles 8 and Id, An increase in t h e  geomagnetic f i e l d  a t  
the  sur face  is cor re l a t ed  t o  the increase i n  the t a i l  
field as noted by Behannon and Ness (1966) and Behannon 
(1968) ). The average propagat ion speed determined by using 
5 sec averages is comparable t o  shock wave speed discussed 
by Sugiura,  e t  a l . ,  (1968) e An increase i n  the x component 
is cons i s t en t  wi th  their argument that more f i e l d  l i n e s  are 
s w e p t  i n t o  the t a i l  region,  
A p o s i t i v e  s i  event on August 31, shown i n  Fig.  2 
illustrates t h e  associated f i e l d  changes i n  t h e  magneto- 
sheath near t h e  tail, The s i  occurs at 1346 UT i n  the 
sur face  magnetograms a t  several observator ies .  The satel- 
lite a t  t h i s  t i m e  is located at X = -29-3 ,  U = 31.5, 
2 = 1.2 i n  the magnetosheath, The da ta  in solar-ecliptic 
coordinates  are shown and a clear increase i n  t h e  magni- 
tude begins a f t e r  the  delay time of 4.3 min. The average 
speed obtained by using 5 sec averages is 727 k m  per sec. 
Jn t h e  case of a l l  positive s i ' s  (a t o t a l  of six} ,  the 
p o s i t i v e  change a t  the sur face  of the ea r th  is co r re l a t ed  
t o  t h e  p o s i t i v e  change i n  the t a i l  and t h e  magnetosheath. 
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I n  the case of t h e  negative s i ,  the  tail. f i e l d  shows a decrease 
i n  magnitude when t h e  negat ive s i  is observed on the surface 
of the e a r t h .  An example shown (F ig ,  3) i l l u s t r a t e s  t h e  
co r re l a t ed  f ie ld  changes. The si on July  15 has onset  t i m e  
2308 cT2 and has decrease i n  H component a t  the low Lati tudes,  
The h igh  l a t i t u d e  v a r i a t i o n s  a r e  masked with t h e  e f f e c t s  
i n  the polar ionosphere, Explorer 33 w a s  Located i n  t h e  
t a i l .  at X = -45,0, Y = -11.0 and 2 = 9.4 Re and showed 
clear decrease i n  the F, 8, P( after de lay  of 7.0 n i n ,  The 
propagation speed from 5 sec averages is 686 krn per sec 
which is comparable t o  t h e  shock wave speed. However, 
other negat ive s i ' s  have speed close t o  the  average Alfven 
speed (see Table I ) .  I n  t h e  magnetosheath the magnetic 
f i e l d  is more v a r i a b l e  than the tail region and sometimes 
it is d i f f i c u l t  t o  determine exact  onset time i n  t h e  
satellite data., But the  genera l  trend of the magnetic 
f i e l d  during nega-kkve s i  event shows decrease,  An example 
is shown i n  Fig, 4 which. shows negat ive si on Sept. 24 a t  
1805 UT, ExpLorer 33 located i n  the magnetosheath at 
X = -47, Y = 38.2 and Z = -24.8 Re observed decrease i n  
the  f i e l d  magnitude after the delay of 5 minutes from the 
onset t i m e .  A t o t a l  of seven negat ive s i ' s  has similar 
correlated f i e l d  v a r i a t i o n s  i n  the  tail and t h e  magneto- 
sheath.  The average speed has t h e  same range as i n  t h e  
p o s i t i v e  s i  which ind ica t e s  the Lower  speed range of 600 
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t o  700 lun per sec comparable t o  shock wave s p e d  and t h e  
higher range close t o  the  ALfven speed of about 1200 km 
per sec, 
C. F i e l d  v a r i a t i o n  i n  t h e  solar-rnaqnetospheric coordinates  
Sometimes magnetic f i e l d  observat ions are more use fu l  
i n  t h e  solar-magnetospheric coordinates  t o  r e l a t e  t h e  
changes i n  t a i l  t o  t h e  near-earth phenomena. Data for t h e  
fourteen si  events  a r e  shown i n  these coordinates  i n  
F igs ,  Sa and Sb, The data are shown f o r  a period of - 20 
min around the onset  t i m e  af each si, We have used 20 
second sequence averages i n  the solar-magnetospheric co- 
ordina tes .  on ly  one event (lO/L7/66) has no s i g n i f i c a n t  
v a r i a t i o n s  r e l a t e d  t o  the  s i  observed on t h e  earth. Explorer 
33 i n  t h i s  case  was far out a t  X = -54, Y = 33 and 2 = -30 Re, 
With exception of t h i s  event t h e  s i  r e l a t e d  f i e l d  v a r i a t i o n s  
i n  t h e  magnetosheath show larger f l u c t u a t i o n s  than those 
observed i n  the tail. When t h e  si is observed i n  t h e  
magnetosheath, it shows f luc tuakions  i n  a11 thlree components, 
e.g., the s i  v a r i a t i o n s  shown i n  Figs. 5a and 5b an 
September 1, 3 and 24, 
+ 
I n  the t a i l  region, the f i e l d  shows s teady  behavioac 
for s e v e r a l  hours (Behannon, 1968) and tha s i  shows maximum 
change in X component. This 'is understandable because t h e  - 
magnetic f i e l d  is mainly directed along X axis i n  t h e  t a i l .  
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Occasionally,  t h e r e  is a s m a Z l  per turba t ion  i n  the Z 
component. The behavior of small Z component is of recent  
i n t e r e s t  i n  understanding the polar  dis turbances.  F a i r f i e l d  
and N e s s  (1970) and Camidge and Rostocker (1970) have shown 
that  before the sub-storm starts the magnetic f i e l d  i n  
t a i l  increases  and then, af ter  reaching a c e r t a i n  value,  
it col lapses .  I n  the decreased f i e l d  period t h e  Z component 
of the t a i l  f i e l d  increases ind ica t ing  the merging of the 
f i e l d  l i n e s ,  W e  have searched for the similar affect i n  
t a i l  f i e l d  during the propagation of t h e  si 's.  It is 
known that  sometimes a si U C G U ~ S  before the onset of t h e  
substorm and i n  such cases perhaps t h e  s i  acts as  an 
i n i t i a t i n g  process, %n F i g .  5a we show si events on July 
15, Aug, 1 and Aug, 18 which w e r e  observed i n  the tail.. 
There is no s i g n i f i c a n t  change i n  the Z components during 
these  s i ' s  which resemble the changes observed during sub- 
storm by F a i r f i e l d  and Ness (1970) and Camidge and Rostocker 
(1970)- Future studies of s i  and substom? should look i n t o  
t h e  connection between these phenomena, I f  sigs are found 
t o  i n i t i a t e  c e r t a i n  substorms then  a maximum f i e l d  increase  
required i n  t h e  t a i l  and corresponding amplitude of t h e  si 
can g ive  q u a n t i t a t i v e  information on condi t ions  required t o  
s t a r t  such a substorm, 
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SUMpI1ARY 
Study of s i  events  i n  t h e  t a i l  and t h e  magnetosheath 
by using Explorer 33 magnetic field br ing  out the following 
points : 
a )  The p o s i t i v e  o r  negat ive s i  propagates with the 
speed w i t h  t h e  range of approximately 550 t o  1200 
Ian per sec, 
b) The si with  t h e  lower speed travel as hydro- 
magnetic d i s c o n t i n u i t i e s  ox w e a k  shocks wi th  
average shock wave speed between 550 - 700 k m  
pes sec, The higher v e l o c i t i e s  (b700 'lorn per sec) 
corresponds t o  the local Alfven speed; and t h e  
s i ' s  propagate as a large amplitude wave in t hese  
cases , 
c) The delay  times indicate t h a t  some f l u c t u a t i o n s  
associated with t h e  si (4 o u t  of 13 events) appear 
first in the  t a i l  or in t h e  magnetosheath near 
t h e  t a i l  region. This supports t h e  i n i t i a l  
results obtained from IMP-1 a n a l y s i s  (Patel ,  1968). 
Magnetic f i e l d  da t a  i n  t h e  in t e rp l ane ta ry  space 
between t h e  sun and e a r t h  showed no s i g n i f i c a n t  
effects i n  t hese  events.  For t h e  si which appears 
first on the  e a r t h  a'nd then i n  the t a i l  or t h e  
magnetosheath t h e  o r i g i n  l i es  i n  t h e  dis- 
c o n t i n u i t i e s  i n  t h e  s o l a r  wind as shown by Burlaga 
and Ogihvie (l.969) and Gosling, et a. (1967). 
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The si propagation is  not confined t o  the geo- 
magnetic tail, , Its  e f f e c t  is de tec ted  f a r  out  
i n  the magnetosheath covering a local t i m e  s e c t o r  
between 2000 t o  0200 hours. 
The v a r i a t i o n s  observed i n  the t a i l  f o r  the in- 
crease i n  the f i e l d  during t h e  si 's  are not  l a r g e  
enough t o  start a substorm. However, further 
s tudy  is required t o  see  i f  certain si's can b u i l d  
up the t a i l  f i e l d  t o  a l i m i t  when t he  f i e l d  col- 
lapses and the  substorm i n  t h e  t a i l  is s t a r t e d .  
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FIGURlE CAPTIONS 
A p o s i t i v e  s i  on August I, 1966 a t  several. ground 
observa tor ies  and corresponding Explorer 3 3  mag- 
n e t i c  field observations i n  solar-ecliptic co- 
ord ina te s ,  A l l  s a t e l l i t e  d a t a  are 20 sec averages,  
The letters i n  right-hand corner designate  the ob- 
s e r v a t o r i e s  with the following geomagnetic l a t i -  
tudes and longi tudes:  MO = H W A  (5,73, 78-57): 
BO = H~nolulu (21.03, 266.43); TU = Tucson 
(40.43, 312.18) : Pr = Fredericksburg (49,55,349.84): 
MA = Macquarie I s land  (-63,07, 243.15): CO = College 
(64.66, 256,513; W I  Wilkes (-78.4, 179.02) , Scale 
for  each s t a t i o n  and component is shown by arrows, 
Scale for the Explorer da ta  has ranges f o r  F: 0-25,  
8 a': o t o  360 degrees,  @:-go t o  -+go degrees,  Onset 
t i m e s  of t h e  s i ' s  on t h e  ground and the satellite 
posit ion i n  solar-magnetospheric coordinates  are 
given i n  Table 1, 
F i g ,  2 .  A p o s i t i v e  s i  on August 31, 1966 and Explorer 33 
magnetic f i e l d  observat ions,  Other d e t a i l s  are 
similar t o  Fig,  1, 
Fig,  3 A negat ive si on July 15, 3.966 and Explorer 33  mag- 
ne t  ic f i e l d  observations.  Other details similar  
to P i g .  1. 
Fig,  4, A negat ive s i  on September 24, 1966 and Explorer 33 
magnetic f i e l d  observat ions , O t h e r  d e t a i l s  are 
similar t o  F i g ,  1. 
Fig. 5a. Explorer 33 magnetic 
solar-magnetokpher ic 
20 second averages. 
21 
f i e l d  observations i n  t he  
X, Y, Z coordinates using 
For each s i  event the zero 
l i n e  corresponds t o  the onset t i m e  observed on 
the surface of the e a r t h .  XS values for. each 
event shows s a t e l l i t e  position i n  sokar- 
magnetospheric coordinates  e Complete coord ina tes  
for s a t e l l i t e  pos i t i on ,  and onset  t i m e s  are given 
i n  Table 1. 
TABLE CAPTION 
Table 1. Onset t i m e  on the ground, deLay time f o r  the 
si e f f e c t  in the t a i l  ~r magnetosheath magnetic 
f i e l d  data of Explorer 33 p o s i t i o n  of the 
satellite i n  solar-magnetospheric coordinates 
sa te l l i t e  local t i m e  and average speed of 
propagation for each s i  event ,  The negat ive 
delay t i m e  i n d i c a t e s  earlier e f f e c t  i n  the 
s a t e l l i t e  data i n  the t a i l  and t h e  v i c in i ty ,  
N and 9 near the onset: t b e  i nd ica t e  negat ive 
and positive si in t h e  su r face  rnagnetograms. 
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